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1.0 INTKODUCTIION

The Area Equivalent Method is a mathematical procedure that provides the
noi se contour area of a specific airport given the types of aircraft and
the nunber of operations for each aircraft. 'The noise contour area is a
nmeasure of the size of the land mass enclosed within a level of noise as
produced by a given set of aircraft operations.

The noi se contour netric is the Day, Nightt Average Sound Level (DNL)) which
provides a single quantitative rating of a noise |level over a 24-hetir
period. This rating involves a 10 decibel penalty to aircraft operations
during nighttime (between 1Gpim and 7am) to account for the increased
annoyance in the commnity.

The AEM| produces contour areas (in square mles) for levels of 65 and 75
Ldae The AEM is used to develop insights as to the noise inpact of an
alrport on its surrounding comunities, as well as the potential increase
or decrease of noise resulting froma change in aircraft operations. The
AEM is a useful screening tool in airport planning and devel opnent.

The following text will provide a nore detailed explanation of the ABM as
wel | as instructions for use of the AEM on the LB Personal Conputer,
[BMYXTEM, or COMPAQTM usi ng the LOTUS 1-2-3TMi sof t ware program
Instructions on the ABM cal cul ator nethod are al so included.






2.0 DESCRI PTI ON

According to FAA Order 1050.1D, "Policies and Procedures for Considering
Environmental Inpacts,” an assessment nust be made to deternine the noise

i npact of a proposed airport action. This assessment conpares the present
noi se inmpact on the environnent with that of the proposed change. |f the
noise inpact is significant then the FAA requires an Environmental |npact
St atement (ELS). If the increase of noise inpact on the community is not
significant then the FAA prepares a Finding of No Significant Inpact
(FONBX),, which briefly outlines the specifications of the change in airport
operations for that particular airport

An Environmental Inpact Statenent is a long and involved process which
requires use of an airport noise conputer nodel such as the Integrated
Noi se Mbdel (INM).. The INM is a conplex and detailed procedure which
determnes the DNL noise contour area for a specific mx of aircraft, and
plots the contour lines relative to runway configuration. The tNMis a
useful procedure for airport planners, airport operators and |oca
governments in assessing the noise inpact to the comunity around an
airport. The INM offers the capability to analyze several operationa
controls beyond sinply changing aircraft mx. The iNMis the nost
appropriate tool for ErS, Airport Noise Control and Land Use Cosipatabiltiity
( ANCLIUQ), Part 150 and other federally funded airport environnmenta

studi es.

The Civil Aeronautics Board (CAB) devel oped the Noise Screening Methodol ogy
to deci de whether the noise inpact due to a change is significant. CAB
promul gated this noise screening procedure in 14 CFR 312, Appendix I. It
is commonly called the "CAB Procedure.” CAB established a decision
criterion of 17% increase in cunulative noise contour area. |f the
percentage difference duetothe change is |less than 17%, no further study
is necessary. A 17% increase in cunul ative noise contour area translates
into a one decibel increase in the airport noise. The Area Equivalent

Met hod (AEM) is an outgrowth of the CAB Procedure. In Advisory Circular
150/5020-3 "Noi se Inpact Initial Screening Procedure,” the FAA applies the
sanme decision criterion to AEM as the CAB did with the Noise Screening

Met hodol ogy.

The AEM is a screening procedure used to sinplify the assessnment step in
determning the need for an EIS. The purpose of the AEM is to show change
in airport DNL noise contour area relative to a change in aircraft mx and
number of operations. The AEM determnines the DNL noi se contour area in
square niles for a mx and number of aircraft types. The basis of AEM is
the equation which determnes the DNL noi se contour area as a function of
the nunber of daily operations. The AEM applies paraneters derived from
INM output to determine a contour area for each aircraft. The AEM t hen
devel ops a single equation, representing the specific mx and number of
aircraft to produce the contour area for an airport. The contour area
produced by the AEM approximates the contour area produced by the INM for a
particul ar airport case.
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3.0 DEVELOPMENT

The AEM determines the Day N ght Average Sound Level (DNL) noi se contour
area (insquare mles) for a specific case of aircraft operations, given
the mx of aircraft types and the number of |anding-takeoff cycles (LTOs)
per aircraft. In order to create the AEM, aircraft specific parameters

rel ating DNL noi se contour area to LTOs were derived from INM out put for 65
and 75 Ldp. These parameters, represented by the variables a and b,

are constants which produce the 65 or 75 Lgy contour area due to a

specific nunber of operations of an aircraft fromthe follow ng equation

A = ahb

The constant a is the noise contour area in square mles of a single LTO
for an aircraft. The constant b is a scaling paraneter which deternines
the change in contour area relative to a change in the number of effective
LTOs for an aircraft. The noise contour area, A is the result of applying
the parameters a and b to N, the nunber of effective LT0s. The nunber of
effective LTOs is the sumof the daytime LTOs and the nighttime LTOs of an
aircraft. The nighttime LTOs are weighted by a multiple of 10 due to the
added anount of annoyance to the community during the nighttime hours

bet ween 10pm and 7am.

The Integrated Noi se Mbdel (INM) Version 3.8 was used to produce aircraft

noi se contour areas for specific nunbers of LT0x. INM was run for each of
the 66 aircraft in the INM Version 3.8 data base. The paraneters a and b
are determned fromthe linear regression equation

10gA = loga + blLogN

Figure 3-11 illustrates the linear regression lines derived fromthis
logarithaie equation for each Lq%g The INM produced the contour areas

as shown by the synbol s and A. The graph is based on a log - |og

rel ationship between the contour area in square nmles and the nunber of
LTOs of an aircraft at different values of tLgp. Below each regression
line on the graph is the equation of that line and a value for the
correlation coefficient. The equation is the linear transformation of the
logariitth@mie equation with the parameters a and b and N:

A = aNb

The correlation coefficient, ¥, indicates how well the regression |ine
represents the relationship of contour area to a, b and N. An r value of
1.000 indicates a perfect correlation between the equation and the
cal cul ated contour areas for that Lgn. The paraneters and correlation
coefficients for all 66 aircraft in the INM Data Base #8 are given in
Tabl e 3.1.
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TABLE 3~1

AEM PARAMETERS AND CORRHELATION COEFFICIENTS
(Part 1 of 2)

Al RCRARR 85 LON 75 Lo
WE a b ' ) b ¢
47900 2SR 70658 9999 058707 G588 9982
24700 0484 7162 9993 056022 .57 9811
47100 085753 70686 9954 OORT 5611 a9
247 Q72382 076 9987 A2 57653 Y
D820 JAGT7 LMD 9995 004781 GUAI3 1994
07 AN? &3\ 9997 086 a2 9999
720 20018 G5M5 9997 05M08 3997
707320 AEB 4376 3996 ST ST 9993
07120 139068 .GWEE 19594 ATS95! 166588 9976
7208 M2 @428 1994 57873 .GE983 9993
DCBS0 45335  a6216 29994 005881  .g6095 9988
DCBG0 50433 .G3E93 9997 093926 6721 29992
DCBCAM .D9SHEB 56752 9995 OSETTR  M253 9901
207€A 090267 58054 9976 ATS8IG 136805 29044
070 39478 GITR 9995 070882  GeEB  9968
DCBIN 46246 .G0835 9991 074511 GEM3 9983
CONDRD 34758 80275 9987 20072 196202 984
OCI010 155833 74588  .9981 057591 144377 969
OCIEE 72532 A7 992 q55537  ABMMA 9765
DI 03972 AN 99 R AR 9%
LGN .DGKSES 74073 29984 OSUR A516 979
L1015 70318 73216 9987 L6188 46T 7T
2000 2045 GBS 9% 063094 (70508 %A
727100 J3GEE &3 999 L5082 179 9988
720015 68539 98U .99% B 85 996
72109 BER A 9993 28N aNB 9985
W0 AE GN8  9987 M55 21 9987
205 G S 99% 0809%E .97 994
2017 12 SEMA 9992 J3E3  G5EA 9965
AN0 RZE  JOBM3 9973 SN A0OL 9678
767 0552 73509 994 M3 S5 S
A3E 40T TJOTH 5 03022 A3 987
BACHNI  APSBD6 8387 9998 M55 a0el 99%
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TABLE 314

AEMI PARAMETERS AND "CORRELATION COEFFICIENTS
(Part 2 of 2)

AIRCRAFT 65 LN 75 L)
TWE  a b ' a b ¢
2B Aved @717 9979 061902 S22 999
DO 2B G424 19992 MODR GBI 9992
OC9I0  aiS2  .GBM5 .99 02827 57 9974
137 20892 @726 9977 032167 172995 29991
D99 (UMD o85771 997 052 0398 9957
DOSQ7 AU iGYMB 99N 023937 615 994l
73N 7M8  .G00BI 9973 A2582 G448 9974
DC950 54058 (58632 29992 04585 GM3 997
BT 47652 58648 999 A5  TEE 993
D980 05722 .05 9989 029371 SIT 985
BB OTUB 26 9998 08B ST 973
BT OEMB  7842% 9998 ABIH SBT3
COMJET 20504 6027 9993 58735 A0 9995
BALTF 044167 62141 9993 U673 A9 W
GATI 38843  a60457 999 A61997 60055 999
GITF BRI G397 OITEE A0 9889
GALETF 022013 SEY 9789 AFRL @752 #9662
LS8 IGED 78133 9863 A2 BB 639
LD M M 9983 26474 S0 9815
DHC? .QMNOM GBPO7 9734 AT AN 9967
(VS80 (R0242 632 9712 ABNE 3308 991
WIETP (0KZ5A (69683 .99 JTE 39219 974
METP OZEERA 513 9644 Q248 33031 98BI
DHCB 015311 4805 9796 SMTTS  SETW 979
4P 58605 .BEEH 19993 033666 |SE7RS 19876
TEP 042943 75885 9969 AME07 49549 9898
COMTEP .0N71 49302 9749 004013 54427 9773
CONSEP 0096305 54076 9782 D262 54335 98
KCI3S 2788 (63015 998 A5IE9 269334 19995
CI30 033394 (79478 9983 AR STOA 9815
FA L1030  .G61B 9999 ZN97 185296 9994
ATD  A7499 8484 19998 A5R7  SBR 9%
CLAID 49046  SDM5  a9848 A6 W 99
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4.0 LOTUS 1-2-3 METHOD

The AEM doesn't require any programmng experience. |t does require

LOTUS 1-2-3TMi and an IBM@ Personal Conputer, an IBM/XTR, or the

COMPAQFM! port abl e conputer. LOTUS 1-2-3 i s an el ectroni ¢ wor ksheet

which is conbined with graphics and data base nanagement. In LOTUS 1-2-3
parlance, AEM is a tenplate called DNLAEM (Figure 4-l1)) which is stored on a
5-1L/4 inch diskette. Appendix A provides instructions on how to obtain a
copy of DNLAEM. \Wen retrieved fromthe diskette the DNLAEM tenplate
becones a worksheet to which you add, aireraffit i dentities and the associ at ed
| andi ngs and takeoffs (LTOs) in the appropriate colums (see Figure 4-2)..

DNLAEMI contains all the equations necessary te"caleullate an airport contour
area fromthe list of aircraft types and LTOs,. DNLAEM includes the a and b
paraneters for each of the 66 aircraft shown in Table 3-lL. The fol | ow ng
instructions should lead you to produce output reports simlar to those.
exampl es in Figures 4-3 and 4-4. The keystrokes are given in boldface
types ENTER indicates the key labeled %3 . An itemenclosed in [ }
indi cates one of the special function keys located on the left of the IBM
keyboar d.

4.1 [INSTRUCTIIONS

Once you have LOTUS 1-2-3 booted with a blank tenplate on the screen follow
t hese procedures to run the AEM.

[ nstruction Conmment
STEP 1. Insert AEMI Disk into Drive A

STEP 2. AMFD ¥ shifts you into command
nmenu. F selects File. D
i ndi cates desire to change
drive and directory.

STEP 3. A:\ and ENTER Changes drive and directory.

STEP 4. IFA Z shifts you into the command
menu. F selects File.
R indicates the desire to

retrieve a tenplate.

STEP 5. Hit —+ until 'DNLAEM' is
hi ghl i ght ed.

STEP 6. Hit ENTER . The AEMI tenplate is being
| oaded.



DNLAEM
Day Night Average Sound Level
Area Equivalent Metthed

{((Titlle (Hit " to start)
{<(Level (1443 or 2:I5 Ldn}

NA Ldn
Aircraft LT Oples Constants Kiirctaft To Verifiy Area
ID Bay Night  Weighted a b Area Energy Vgtings LT0s Eff LTOs
! N N ! t NA NA 0 0 0 0 0
! i - u - ! 0. NA NA ¢ 0 ] b 0
! u W = ! 0 NA NA b b 0 b 0
! N P | P 0 HA NR 0 b 0 0 0
= n__ u__ =1 h NA NA 0 h 0 h 0
= - i =! h NA NA 0 ] 0 0 0
§ L =! 0 NA NA ] 0 0 0 0
= ". o =! b NA HA ] 0 0 0 ]
o e ! = I =! b NA NA b 0 0 0 0
! 1 = t b NA NA b ] 0 h ¢
! b = =! h NA HA 0 ] 0 0 0
! e Ha =! h HA NA h ] ¢ h 0
1= Ho —ii ! 0 NA NA b b 0 0 0
! L h NA NA h b 0 b 0
ks l H ! b NA NA 0 0 0 0 ¢
! S | b NA NA b 0 0 0 0
i 1" ! ] NA NA 0 b 0 b ¢
v =H__ ! 0 NA NA h b ¢ 0 ]
| b I ! ] NA NA b b 0 ] 0
==l = i = 0 NA NA 0 0 b b ¢
0 0 0 0
Totals: . B 0 0 0 {Ref Area Validity Test 0
(I="FRUE, J=FEALSE)}
Contour Area = NA sq. Si.

FI GURE &@-1. DNLAEM, THE AEM LOTUS 1-2-3TEMPLATE

@-2



DNLAEM
Day Night, Average Sound Levell
Area Equivalent Method

{(<CTlitle (Hit "t o start)

«c€levell ClI=G% o r 2=7% Ldin)

Aircraft LTO Cycles Aircraft Aircraft Aircraft Aircraft
ID Bay Night Type ID Type ID
! L1 Il I 747100 1 F28 34
! L1 Il I 747200 2 DC93@ 35
! L1 I I 747100 3 DC91@ 36
| I il ! 7475 4 737 37
! I 1l ! DCB2M 5 DCYQY 38
! I v ! 707 8 ‘DCIQ7 39
! I il ! 72@ 7 737X 40
! It e I 7073200 e DC95@ 41
! 1 ¢ 707120 9 737177 42
! 1 I ! 7208 to DC98® 43
] i 1 ! DCB5® i1 75 7SR 44
! E L ! DC8ed 12 7573 15
=11 L t  DC8CrmM 13 COMUJET 416
! \ L ! 707ENM 14 CALTY¥F 47
! \ [l { 707N 15 CALTJ 418
! ! I ! DCBQN 16 GAMTE 19
! I I ! CONCRD 17 GALQTF 50
\ |4 I . DCL01®@ 18 L1838 51
! ! L | DC103® 19 IN’s!8)] 52
! Il Il I DECLOA® 20 DCH7 53
L1O1i 21 CV58® 54
Totals: 0 0 L1011155 22 HTETF 55
727200 23 MTETP 56
727100 24 DCHeé 57
727Di% 25 4EP 58
727109 26 TEP 59
727@77 27 CONTEF 60
727Q% 28 COMISEP 61
727DU77 29 KD135%5 62
A30@ 30 cCiz@ 63
767 31 F4 54
A3 10 32 A7D 65
By 33 CL60@ 56

FI GURE 4-2. DNLAEM FILLIN FORVAT



DNLAEX
Day Night Average Sound Level
Area Egpivalbeit Hetthad

LONG BCH (((Title (Hit " to start)
1 {{(Uevel (145 or 2=75 Ldn)

65
Aircraft LT0 Cycles Constants
ID Day Night Weighted a b
28 B ! 1 0.3ma% 0.84771
43 Ly | 14 0.057292 0.7003%
46 1o ! 10 0.2EM  0.6u327
(F— L ! O NA NA
! =!! w __ = 0 HA A
e =N " =! 0 NA HA
ey | S | R 0 NA NA
= = e = ! 0 NA NA
| I L I 0 NA NA
‘ o e L =! 0 NA NA
i li 11 I 0 NA NA
e | | Py 0 NA NA
Sy NSy | P 0 NA MA
p— = =! 0 NA NA
! 1 = =! 0 NA NA
| I ﬁ I 0 NA NA
!, n__ o= n___ ! 0 NA NA
pe—— = ! 0 NA NA
! =l n_o_ = 0 NA NA
! i 1 ! 0 NA NA
Totals.: 7 0 27

Ldn
Aircraft To Verifyy Area
Area Energy Wgtings LTOs EXf LTOs
0.811931 0.575040 0.557304 9.076322 0.330512

0.383378 0.10E34 0.272WHE 1225008 0.144239
fHiiisiie] i 1633613 17.900718 0556563
0 0 . 0 0 0
0 O 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
118 1765004 2.790%564 1.00@315
11708 (Ref Area Validity Test !
{IEFRRAB,OOEFASSE )
Contour Area = 168 sq. wmi.

FI GURE 4-3. EXAMPLE OF AEM 65 ng QUTPUT FROM LOTUS 1-2-3



DRUMEK
Day Night Average Sound Levell
Area EHppineleat Method

LONG aCH ((<Tstle (Hit " to start)
2 {Uanell (1285 or 2=7§ Ldn)

5 Lde
Niirctatt LTO Cycles Comstaats Rireratt To Verify Area
ID Bay Night Weighted a b Area Energy Vgtimgs LT0s Eff LTOs
2% 3 ! I 3 0.0BAGTS 0.70255 0.UFERY? 040006 0.59IB3 11.40647 02353
43 My — 1 14 0.00R¥A  0.5353347 0.1000044 0. 230092 0.4WDEB: 106.6U05 0.10%83188
48 LoO! 1 . 10 0.0EBIBES 0.0W0H 0.250056 1 L.nes 1640652 0.600882 1
‘ i _ N ! 0 NA NA 0 0 0 0 0
U | | P 0 NA NA 0 0 0 0 0
lad u ! 0 NA NA 0 0 0 0 0
! Yoo s o= 0 NA NA 0 0 0 0 0
1 =l = 0 A MA 0 0 0 0 0
= lia e = ! 0 NA NA 0 0 0 0 0
i =1 ! 0 NA NA 0 0 0 0 0
| T ! 0 NA NA 0 0 0 0 0
it I ! 0 NA NA 0 0 0 0 0
e 1 IR ! 0 KA KA 0 0 0 0 0
la R I ¥ 0 NA NA 0 0 0 0 0
1] I ! 0 NA NA 0 0 0 0 0
S | P g 0 NA NA 0 0 0 0 0
= u " ! 0 NA WA 0 0 0 0 0
! S | P | Jp—— 0 NA NA 0 0 0 0 0
! Ne gos e ! 0 NA NA 0 0 0 0 0
! W___ ! K] NA XA 0 0 0 0 0
0. 250008 {.649999 2 TG 1. GIE?
Totalbs: 7 0 27 0.2500 {Ref Areca Vieliiditty Test |
(IETTRHE M FPALEE)}
Contour Area = 0.33 sq. ai.

FI GURE 4-4.. EXAMPLE OF AEM 75 LQQOUTIPU’II’ FROM LOTUS 1-2-3

4=5



[ nstruction

STEP 7.

Wait for the cursor to appear

in coordinate H5. |f you are

not in H5 type [Fg)HE§ and

ENTER .

STEP 8. Hit " (quote mark), enter

STEP 9.
STEP 10.

STEP 11.

STEP 12.

STEP 13.

STEP 14.

STEP 15.

STEP 16..

STEP 17.

title (up to. 9 characters)
and hit ENTER .

it 4
Enter 1or 2 and ENTER .

Type (F5]JHiE 1 and ENTER

For each aircraft type enter
corresponding ID and hit § .

Type [FBl113 and ENTER .

For each aircraft type enter
the correspondi ng LTOs duri ng
daytime and hit .

Type [F§W4 1 and ENTER .

For each aircraft type enter
the LTOs whi ch occur at night
and hit

Type [R®l .

Comment

JFB8]1,Gimokestthé; €000 command
and H5 indicates the
destination coordinate.,

The * causes LOTUS {-2-3 to treat
the entry as a |abel.

The cursor noves to Hé.

You are choosing between
calculating 65 1gq ( 1) or
751dp ( 2) Contour area.

The cursor noves to the first
coordi nate under the col um
| abeled 'Aircraft ID.'

The cursor noves down the
colum as you enter each
aircraft. Up to 20 all owed.

The cursor moves to the first
coordi nate under the colum
| abel ed ' DAY'.

Daytime includes the hours 7afa
to 10p. The cursor noves down
the colum after each entry.

The cursor nmoves to the first
coordi nate under the colum
| abel ed ' NI GHT' .

Ni ght includes the hours 1Gpm
to 7am. The cursor noves down
the colum after each entry.

The cursor disappears and the
conput ations have begun.
Return of cursor signals end
of calculations.,



[ nstruction

STEP 18. Type [F8]K31 and ENTER .

STEP 19.

STEP 20.

STEP 21.
STEP 22.
STEP 23.

STEP 24.

STEP 25.
STEP 26.

STEP 27.

STEP 28.

STEP 29.

STEP 30.
STEP 31.

STEP 32.

| f coordinate P35 contains
'NA' . them t ype [F6}HS and.

ENTER . ©o back to STEP 7
and check your entries.

|f coordinate R32 contains
*Y* then skip to STEP 29.

Wite down value in R31.
Type [FSIN32 and ENTER.

Enter a new reference
contour area.

Ht ENTER then [FQ]

Bre EES]KS8 1 and ENTER .
If R32 contains '0' then repeat

steps 21 through 25 until
R32 contains '1".

Type [FSIN32 and ENTER .
Type +N34 and ENTER

Wite down contour area.

tyre [FS1H1 and ENTER .

Make sure printer is turned on
and ready.

Bow
ENTER .

{PPR H 1.R35 and

Conmment

Sonething is wong with your
i nput .

Your results are correct. You
may now print them out.

Validity test is FALSE
N32 contains reference area.

If value in R31 is greater than
1.02 then enter a nunber |ess
than shown. COtherwise, enter a
nunber greater than shown.

Recal cul ation starts. Await
return of cursor.

Validity test is now TRUE

The coordinate N32 i s now
returned to its original value.

If you don't have a printer,
you are done.

4 shifts into command nenu.
P is PRINT command. P

i ndi cates that output goes to
PRINTER. Rindicates you want
to enter the RANGE of cells to
be printed. HI1UR35are cells to
be printed. Cursor returns to
PRINTER nmenu. If you are
printing on 14*«ii™ paper, skip
to step 35.



[ nstruction Coment

STEP 33. Type OGS and Oshifts into OPTIONS nenu. 8
indi cates you would like to * "
enter special printer SETUP

commands.
OB, oF For 12 CPI.
\081, or For 16.8 CPIL. "
\029 and ENTER . To return to'deffauitt 6f 10 CPIL.

These commands work only with
certain kinds to printers.
Cursor returnsto OPTIONS
nenu.

STEP 34. Type Q . Qis QUT OPTIONS menu and
return to PRINTER nmenu.

STEP 35. Type G. Gis G conmand. Wbrksheet is
being printed. Cursor returns
to PRI NTER menu.

STEP 36. Type G . Q@ all ows you to | eave the PRINYER
menu.

The real utility of LOTUS 1-2-3 comes fromthe fact that the worksheet is
still available for you to change any of your entries and rerun. For
exanple, let's say that you have just produced the 65 Lgp contour area

and you want to calculate the area within 75 Lgg. Sinply go to

coordinate H6é and enter a 2 and ENTER ~ Skip to STEP 17 and proceed.' You
can do the same thing with aircraft types or LTO&. You can even save just
the worksheet portion and then reload it onto a blank AEM tenplate later.
To save, you would use /EX which creates a file (you supply a filenane)

that stores all data currently located in the'iindicated cell range. To
reload the file you woul d use /EC which would overlay the stored worksheet
portion over the current AEM tenplate at the specified |ocation. *You could
then make necessary changes to that data and proceed again from STEP 17.



5.0 CALCULATOR METHOD

In the event that an |IBM conputer and LOTUS 1-2-3 software are not

avai | abl e, your cal cul ator and, the werdkdteait \in Hipgure 5-I1 nmake good
substitutes. .With the follow ng instructions, you perform:tthe sane t asks
as acconplished by the AEM omLI(ZSrIlUS I~ 2—3,. , b

5.1 | NSTRUCTI ONS ' -G

STEP 1. Enter aircraft types in col ﬂrm 1.
. o
STEP 2. Enter the daytine and nighttine LTGsffar each aircraft. type
in colums 2 and 3, respectively.

STEP 3. Conpute the effectiiwe: LW of each aircraft in colum 4:By
mul tiplying tte nighttime LT0s fromcolum 3 by 10 and
adding the daytime LTOs from col um 2.
I
STEP 4. Enter in colums 5 and 6 the- appropriate aircraft a.gid b
paraneters for either 65 or 75"Lgy fired Tabl e 31,

STEP 5. Conpute the area of each aircraft by applying :the equation in the
devel opnent section A=aNb where a is 4t colum 5, b is *in
colum 6, and N is the nunber of effective LTOs in colum 4.,
Enter the. area 4, for -eae‘h aircraft. in eolumn:7."

STEP 6. SeI ect the latgest arrea in coluwmn? and refer to th| S ‘as the
"reference areal” AR L | .
MR ' Laly,
STEP 7. Calculate the' energy :,.o,&ﬂnin‘ibutiteh E for each @ireeraft. This is
done by dividing the area of each aircraft by the reference area
and raising the quotient teo,the power. of the teciproeal, df the b

paraneter (l/b). Enter the result in colum 8.

STEP 8. Sumcolum 8 and enter the result in the box |abeled Z.,

STEP 9. Calculate the wefightiing factor Wfor each aircraft with the
equation WeE/w. Divide the energy contribution E of each
aircraft by the b paraneter and enter the quotient in colum 9.

STEP 10. Sumcolum 9 and enter the result in the box |abeled W.

STEP 11. Calculate-the se#ling parameter 6 for the aircraft mx by
dividing E by W. Enter the quotient in the box |abeled %.

STEP12. Calculate the contour area of the aircraft mx by applying the
energy contribution E, the scaling paraneter Ibl and the reference

area AR to the equation A&MRED). The result A'is the DNL
noi se contour area of the specific aircraft mx.

=l |



STEP 13.

STEP 14.

STEP 15.

STEP 16.

STEP 117..

STEP 18.

STEP 19.

Determ ne the nunber of LTOs that each aircraft nust fly in order
to have a noise contour area equal to that of the entire mx

This is done by dividing the DNL noise 'contour area of the entire
mx & by the paraneter a in colum 5 and raising the quotient to
the power of the reciprocal of the b parameter in colum 8.

Enter the result B in colum 10.

Calculate the ratio of LTOs of-each aircraft by dividing the

effective LT@ in colum 4 by Nin colum 10. Enter the result
in colum 11.

Sum colum 11 and enter the result in the box |abeled 'Validity
Check' .

If the validity value is between 1.00 and 1,02 then the result is
correct. You are done. Record the contour area from the box
| abeled "A:" into the box labeled "Contour Area:".

If the validity value is not between 1.00 and 1.02, return to
STEP 1 and check all your figures.

If the validity check produces the same value, change the
reference area according to the follow ng
(a) If the validity value is greater than 1.02, enter a
reference area less than already present.
(b) If the validity value is less than 1.0Q, enter a reference
area greater than already present

Repeat the steps starting at STEP 7.
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APPENDI X A
AVAI LABI LITY OF AEM ON LOTUS 1-2-3

The AEM is avail able on a doubl e-sided, double-density 5-ll/4 i nch

di skette. The information on the diskette is conpatible with LOTUS
1-2-3TM f or | BM@ personal conput er, IBMYXTIM, and COMPAQTM

portable conputer. The cost to you is $10 for materials and services. To
order AEM on LOTUS 1-2-3, fill out request form(p. A-2)) and send with
check or noney order payable to the "United States Treasury" to:

Federal Aviation Adm nistration
AEE-120

800 | ndependence Ave., S.W.
Washi ngton, DC 20591
Attention: Donna G. Warren

Appendi x B contains a listing of the AEM tenplate for LOTUS 1-2-3.

Al






AEMI ON LOTUS 1~-2-3 REQUEST

| request a 5-W/4 inch diskette of the AEM.

NAVE:

TI TLE:

COVPANY:

STREET ADDRESS:

G TY, STATE ZIP:

TELEPHONE NO. :







APPENDI X B
ABM TEMPLATE LI STI NG

Thi s appendi x contains the keystrokes to create the DNLAEM tenplate on
LOTUS 1-2-3. Please refer to the LOTUS 1-2-3 user manual for an
explanation of the conmands. Entry at a particular coordinate (or cell) is
shown as the coordinate identification followed by a colon and then the
appropriate keystrokes. Keystrokes which are shown without a coordinate
identification always refer to the previously specified coordinate, usually
on the line above. Table B-1 contains the locations (row and col um) of
the specific aircraft a and b parameters on the ABMtenplate. Table B-2
provides the locations of the aircraft names and identifications.

A hegfhdeg T Gedd ol e CJ 6 gar-thl FEroidewhd d\ow R HOoRWwrdd@ewn )
/RNC\Q@

Al
IVWGCEG/WGRM
A8 : (SHISSG-1)2&1t
All: «+HIl
[+
AlZ A30
B1O®: "a
HlIi: SI1F(AL+90gRRAQAMIOCKIBPAN . SBSAY . SFOIL2, s8>
IC
B12_ B30
Cto: "b
Ql1: SBI1F¢AI=D 36N BPAVMLOOKUPR AALL, $BS4177. SFFSH 12, - PSR+ I)rr)
iC
C12.C30
H2 : “Day Night
H3 : & Area E

HS ‘— (9 underline strokes)
HE : !
HO : ‘“Adircraft
H10: AID
Hig: % I (7 underline stmudes between two exclamation
iC
HIil2.H30
/C
Hii _H3@
11 330

HI32: “Totals:

11 : "DNLAEM

12 : “Average
13 | "quivalent
15 : *"&&«{dmhitlae

18 : “<<<Level
19 - 4 L
11o: "Day
132: @ESIMMQUILI30)
ic
532.1K32

B-1
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AEM TEMPLATE LISTING (continued)

TEZY “Sound Lev

83 : 'Method
J§ : ‘(Hit *to
86 : ‘(=S50 r
JO : ‘TO Opcles
JIO: * Night
K2 : ‘cl

KS : 'start)
Ké : ' 2=73 Ldm)

K10: ‘' Weighted
Ki1: 11Tt

T
K12 .K3d
L . ° Cons
L10: Aa
Lill: @& EBINAHB1D), @WM\ AR L)
/C
L2 IL3®

M7 . @IF(HE<1#O0R¥HIO)2 (@BNA ,RCHOOSEK H46-11,, 65 ,79)>)
M® : ' tants

MIO: Ab

Ml 1: @IF(@ISKMOTIH) BINA,ClI}Y)
<
Mi2.M30

N? : *“Ldn

NS : “Aircraft

N1©®: *Area
MNifl: @IF(EISMAAKL1D), O, +L NI*-K*pl 1)) >

ic

NiZ NBE®@
NI31: @EMAZKNNIIL . .N3O))
N32: +N31
N3%: " Contaw

010: “Energy

011: @IF-ENNBR2-0@GONREIENANNIME-M -6, QNN AN SIIN(W MDY ) )
iC
012 @3®

031: @SITMAM(OIL.O30)

032: *@Ref Area

035%: *r Area =

PlO: “VWttimgs

Pl @I@ISNNANMI), O, atl1/MM L) )

ic

P12 P10
P31: @BIMNVRP1I.P30)
P32 " Valid
P33 ! (I=ITR

P35: IRFFZP33
B1F(P31=0,CEANA, +(OBALTOIPBEI+TINEL) 1 )

B-2



AEM TEMPLATE LISTINGG @omtimusd))

Q¥ { * T o Veri
Q10: "“LTOs
011: @IFCEISNNALLLD-#OR¥EA NAAM M N+ 00,V E A UVMNTT Y )
iCc
QN2 @30
O32: *bithy Test
EB3: 'UEAD=EALS
Q@3S: 7 sq. mi.
R : *HEy Area
RIO: ‘Eff LTOs
Ril: @nIFu=0,0,+KI1/ Q1))
ic
RI2. R3O
R31: @STIPNVRRU_FRIA))
R32: @1F((RB1)> HAHAMIARIN<EI 0220 TRIRU D RERAGER )
R33: ‘E)

B-3
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TABLE B-I
LOCATI ONS OF A AND B PARAMETER ON AEM TEMPLATE

COLUMN COLUMN
A B C D E I A B C D E F

Bl e == :—/}:____-_-__T-_-::: FESESSA ST o RmRilScmanan TTTT ||| e e mmmma e e o om0t m e e o . - .
4 | AIRCRAFT AIRCRAFT 65 LON 65 LDN 75 LON 75 LON 79 | B 33 0.cBEHE  0.6337 0.045305 0.60@6H
45 | TYPE D A B A B 80 ! Fl8 M4 00w 0.677U7 0.0RI00R2  0.81DR2
4 ! ‘4 ! DCYI 35 0.255 0.4 0.QWDPZI .G7EVB
47 | 747100 1 oxEpd 0.70658 D.05EFAL7 82 | DCRIE ¥ 015K 0.63WE 0.2RLT  O.7MAYT
48 | 747200 2 0.ovenes  0.71002 O.0560022 83 | n 37 0.DBEM  0.472H 0.0RAKGT  0.720P5S
49 | 747100 3 0.0HEEs  0.7068H 0.0BDTBYT 84 | DC9OY 38 0.10M0B? 0.6ETM 0.0MEDR2  0.7URDER
50 | menEP 4 0.@eBsel  0.70v2bs O.0B005 85 | DCoarz 39 0.a021M1  0.60PM88 0.UBPBYT 0.6OVAGS
51 |  DCBa@ 5 0.7 0.GUMeY O.(ABRL 88 | 730N 40 D.IMMB 0.6BRAAE 0.MEBRI 0.
52 ! an 6 0P 063303 0.0H6ER 0.57403 87 | DCYED 41 054153 0.5HheR 0.EBES 0.67IB3
53 | 20 7 0.3IURR O.6HUES 0.0620B8  0.6692 88 | 737DI7 42 0.AREYL  D.SEES O.00EENDY  0.71EW
54 | 707320 8 0.0 0.63716 0.0BBVPB3  0.66438 8% | DCI®N 43 .0572%2 0.7QQ05 0 .829371  0.5BBW7
5% | 7107120 9 0.0BpS8 0.65566¢ 0.0vEDhil  0.G7BEy? 0 ! 75B 4 0.8 0.7ht 0.IEDES 0SS
5¢ ! 7208 10 033l 0.MeBE 0.0EVBIE3  0.683dE3 ) S £Y2 45 8 .035743 0.7842¢ 0.WRAPHS O.JETT
57 |  DCBS@ 11 0468B%  0.8206 0. g1 0.éca s 92 | COMEET 46 0B 0.600077 0.058733 0.644208
58 |  DCBEE@ 12 0.5WER 0.43693 0.0DBPRBS 0.672m 93 | GALTY 47 0.MABE? D.620A1 0.(B0BYB3  0.ACDRR
5% | DCBOEM 13 0.(0EEIGS8  0.55%: 0.05vE  O.A%R 94 | GALTI 13 0.EMR  0.6MEYT 0.0RI0PY?  0.68ER
60 | T0MCHEN 14 0.000PBy7 0.500% 0009565 O.3H0DES 95 | GAMTF 49 0.0BR21DY O.GHER 0.03255 048600
61 ! 70BN 15 0.3 0.6222 0.0voBaR2  0.ééas5d R 96 | GALWFF 50 0.0ZNB! 0.526%F O.MIERAN 0.3
62 | DCBOM 16 0.3t 0.60BBE 0.077EH0  0.6/8083 0 97 ! L1@s8 51 0.(MGBEDY O.7AGR 090D 030053
63 | CONCRD 0.80/E 0.2/  §.9%EDR W 98 ! Lo 52 0.05EDM  0.75WVB 0.026474 0.3
64 | DCLOR 0.75856 0.06v5pat .47 99 | DCH7 53 0.NDAT O.GEMY 0.UBIP? O.4OVHE
6% | DC1O30 0.72007 0.055PBYT  O.4ARWH 100 | CV5&Q 54 0.000P2L 0.632 0.0ERDBE 0.350B
66 | DC1040 .M 0.050P883 047552 102 | NTETR 55 0.MBPNM 0.000HR 0.030705 0.3PYADY
67 | 11012 0.7/00/83 0.05DPFBE 0. AEMHK 102 | MIETP 5¢ 0.2EDY4 O.FUTMN D.020438 O.FRU
68 | LiQ11s 0.737266 0.0KIBBS: Q468 103 | DCHE 57 0.mERAN 0480 O.0uery? 0.JET
6% | 727200 0.60EVES 0.0630BY4 0. 70808 104 | 4EP 58 0.05HROES O.GMEPH 0.05E5664  0.THH4
! 121 0.66o5DB 0.050BD2  0.717mDR 103 ! TEP 59 0.MeDME? O.7EEES 0.Q34507  O.40EMN
M1 72mies D.5PIDES 0.4PDBH  0.68ER 168 | COMTEP 60 O0.mbAt Q4DRDR 0.GMMER3 0154427
12 . 0.4aT 0.(IEE 0.5 107 | COMSEP 61 0 .Q0%GRE 0.5MVE 0.00PHES 0.5WEBES
31 n7an 7 0.2l 0.67698 0.QMEVDS .72t 108 | KDIF 62 2B 0GRS 04GR 0.69334
4 127085 6 0.6IMF  0.50125 0.0BEDB  0.608H7 109 | C13@ 63 0 .Q33394 0.70WT8 0.HWZ4  0.FT0M
7% 127007 29 (L77332 0S4 0.0MBB 0.6 11@ ! F4 64 1.030F O6ANI8 O0.2ZHPM 0.6529%
% ! Asam 30 0.0FMes O.70BNG: 0.065DW7  0.40000 11 | ATD i Q 47499 0.4 0.IUFRST  0.65HWT
m | 187 31 0.vEpBR (L7350F O.0UBMEB3 0.5 112 | CLeO® 66 O.MEIMBS  D.5045 0.03%28 0.338W
78 ! A31® 32 0 .849037 O0.70BY? 0.0BBIPRZI (L4913
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TABLE B-2
LOCATI ONS OF Al RCRAFT NAMES AND | DENTI TI ES ON AEM TEMPLATE

COLUMN

9 ! Aircraft Aircraft Aircraft Aircraft

10 ! Type ID Typ@ ID
11 | 747100 1 F28 34
12 | 7472000 2 DC93® 35
13 | 747100 3 DC91® 3é
14 | TATSP 4 737 37
15 | DCB2@ 5 DC9QY 38
16 | 707 6 DCoQ7 39
17 | 720 7 737AM 410
i8 | 7073200 8 DC95® 411
19 | 7071200 9 737817 412
20 | 72008 10 DC98® 413
21 | DCB5@ 11 757 RB 44
22 | DCB6M 12 757J3T 415
23 | DCBCHEWM 13 COMJET 16
24 | 7073\ 14 GALTY 47
25 | 707N 15 GCALTJI 418
2é | DC8SQN 1é GAMTF 49
27 | CONCRD 17 GALQTW¥ 50
28 | DC101d 18 L1838 51
29 | D103 19 L i 52
30 ! DC1040 20 DCH7 53
31 | L1O11 21 Cvs8®@ 54
32 | L1011% 22 HTETE 55
33 | T7272000 23 NMTETP 56
34 | 727100 24 DCHé 57
35 ! 727D1% 25 1EP 58
36 ! 72702 26 TEP 59
37 | 7277077 27 COMTEP 50
38 ! 727005 28 COMSERP 61
39 | T727D4A77 29 KD13% 62
40 | A30® 30 C130@ 63
41 | 767 31 F4 64
42 | A31®@ 32 A7D 65
13 | i aved )] ] 33 CL60® 66
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By: Donna G. Warren

AREA

July 1984
EQU |VALENT Report No. EE-84-12
METHOD

on LOTUS #2213/

Q
US.Depantimesmt

of Transportation

Federal Aviation
Administration

DNLAEM
Day Night Average Sound Level
Area Equivalent Method

<« Tite (Hit "o stari
< << Level (1=650r 2=75Ldn
NA Ldn

O~NOOO - WN =

[<o]

LTO Cycles Constants Aircraft
Night Weghted a . b Area Energy.
NA NA
NA NA

4 4
N = O

NA NA
NA N7
NA NA
NA NA
NA NA
NA NA
NA NT
NA NA

[ G G G
O ~NO O W

—
©
[oleNeoloelN ol ool R o)

feleNeReReReReReRele

N
o




